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Abstract – Atmospheric dispersion models can be formulated and implemented in two different ways, e.g. as Eulerian
and Lagrangian models. These implementations have both advantages and disadvantages concerning numerical
requirements and accuracy. A combination of both implementations – a hybrid approach is also possible and, we show
some improvement to a pure approach, when using this method. In many practical cases of measured radioactive air
concentrations, the source time and location is not known. Inverse modelling can be used to help identifying the source.
Using a simplified footprint analysis, it is even possible to combine the information from several measurement stations
to get an improved picture over possible sources from an atmospheric point of view.
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1 Introduction

Atmospheric transport of radioactive debris can be
calculated using different numerical implementations. The
Norwegian Meteorological Institute runs atmospheric trans-
port models both with a Lagrangian approach following
particle trajectories and an Eulerian approach transporting
concentrations of particle in pre-defined cells, so called grids.
For source improvements in the Eulerian model, we developed
and tested the hybrid approach, combining Lagrangian and
Eulerian solutions of the advection-diffusion equation. This
was done in two steps. In the first step, we compared selected
analytical solutions with the numerical results from the
Lagrangian, Eulerian and the hybrid methods. In the second
step, the hybrid method was applied and tested in the real
meteorological conditions, as a combination of the Lagrangian
SNAP model (Bartnicki et al., 2014) and Eulerian EEMEP
model (Simpson et al., 2012). The results of both, analytical
tests and tests in the real meteorological conditions indicate
some small improvement when the hybrid approach was
applied.

The estimation of the source term using inverse modelling
is a commonly requested task for dispersion modellers. Our
experience in operational emergency cooperation between
MET and NRPA shows that up to now, an often occurring
task in case of inverse modelling is the identification of an
unknown source of release of radioactive material to the air
and the first priority of MET is to find the source location. The
latest such real event, happened in March 2015, when
increased concentrations of I-131 in the air were measured in
the Nordic region (Norway, Sweden and Finland) and the
location of the source term, as well as its release pattern, were
not known. The SNAP model has been run in reverse
dispersion mode and the resulting concentrations have been
used as probabilities to better estimate the source location
seen from measurement stations as well as stations which did
not measure.

2 Hybrid modelling

Transport of radioactive particles in the atmosphere is
modelled by computer programs following the wind-vectors.
These models use different mathematical formulations, and
two most common cases are the Lagrangian models and the
Eulerian models. The Lagrangian models follow the emitted
particles and apply wind-speeds and depositions on the
particles position. Both Lagrangian and Eulerian approach to
dispersion modelling has some advantages and disadvantages.
In applications to atmospheric transport of radioactive
compounds from nuclear accidents and nuclear explosions,
one of the important problems is the treatment of a point
source. Lagrangian models have an advantage due to exact
positioning, but struggle with a long term release and
atmospheric transport in regional and global scale. Eulerian
models, on the other hand, have a severe problem with
parameterization of the point source term, especially if the grid
size is relatively large. Another, major problem related to
applications of the Eulerian models is an artificial numerical
diffusion.

The hybrid approach in this case included two steps. In the
first step, the SNAP model was run for 24 h. Transport and
deposition of radionuclides was simulated using 1 000 000
model particles. Each particle was assigned the time measured
from its release into the air. Then 3D-concentrations derived
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Figure 1. Dispersion of radioactive particles with the Lagrangian SNAP, Eulerian EEMEP, and a combination of both models –Lagrangian
approach.
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Figure 2. Probabilities of possible
emission locations at 07 UTC on 15
of March 2015 to reach Oslo (left)
and Helsinki (middle) derived from
inverse SNAP runs. The right hand
picture gives the combined prob-
ability.

Table 1. Measurements of I-131, available at the stations in Nordic
countries in the considered episode in March 2015.

Date Location Air-Conc. I-131mBqm�3

09-16.03 Visby 1–15

16-17.03 Stockholm 1–15

16-19.03 Kuopio 2.8

18-19.03 Helsinki 6.2

09-16.03 Oslo 0.6

16-19.03 Oslo 1.2
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from the SNAPmodel particles which were 24 h old, were used
as emissions in the Eulerian model. This conversion from
SNAP model to EEMEP was repeated at every hour. The
EEMEP model was run for 40 h, starting 24 h after the SNAP
model and the final forecast was available after 64 h from the
release start.

Both models SNAP and EEMEP used the same meteorol-
ogy and the same grid system of 180� 360 nodes and 20
vertical layers. Meteorological data were updated every 3 h
from the IFS NWP model. The results of the three approaches
can be seen in Figure 1. There are significant differences
between the results of the Lagrangian and Eulerian models, but
the results of the Hybrid approach are more similar to the
Eulerian model.

3 Application of inverse modelling to a real
world case

In March 2015, several Nordic measurement stations
measured low, but above normal, concentrations of I-131 in the
air. NRPA contacted MET and asked to perform calculations
that could help identify the location where the release originate
and the source term (Table 1).

Backward trajectory is the most simplified form of the
adjoint equation. In addition, diffusion and deposition are self-
adjoint, i.e. identical in forward and adjoint mode (Robertson,
2004). It is therefore possible to runnot only single trajectories in
backward mode, but also a dispersion model such as SNAP
backward in time with diffusion and depositions still. In the
footprint analysis as proposed by Brännström and Persson
(2014), detectability and non-detectability of measurements are
translated to probabilities depending on air concentrations and
detection limits. For a simple approach, we can translate this to:
–
 Theprobability tofinda contributing forward trajectory from
a given model grid square is 1 when at least one backward
trajectory can be found, coming to this grid square.
–
 The probability to find a contributing forward trajectory is
very small when no backward trajectory can be found for
the considered grid square.
The probabilities of different space-time locations
emitting radioactive particle to reach single or several
measurement stations can be seen in Figure 2. The reduction
of the accumulated probabilities for combined stations can
be found in Figure 3. It can be seen that each additional
station included in the analysis contributes to the better
identification of the source location, with stations being
located apart from each other being more effective in the
source localization. Using inverse probabilities, it is also
possible to add stations that did not measure any air-
concentration. But this is dangerous since the stations have a
lower detection limit, and if not taken into consideration can
lead to false conclusion.
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Figure 3. Probabilities of possible
emission locations accumulated over
all time-steps. Combining more sta-
tions from left to right.
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4 Conclusions

Parameterizationof thepoint source in theEulerianmodels is
a typical sub-scale problem with the spatial size of the source
being significantly lower than the grid size.Our hybrid approach
tries to simulate the pollution close to the source and shortly after
initial emission with the Lagrangian model and use these results
as input to theEulerianmodel to improve the parameterization of
the point source term. In our test-scenario, the improvement is
very small and not meeting our expectations.

In our operational emergency cooperation between MET
and NRPA, one occurring task for inverse modelling is to find
the source location. We applied a simplified footprint analysis
which enables us to increase the precision of the source
location with each station. This method is very promising for
finding the source location in real events with increased
measured levels of radioactivity and unknown source.
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